Background: Previous reports have suggested that the appearance of pleural effusions (i.e., the presence or absence of blood) might help to establish the etiology of the effusions. This study explores the relationship between pleural fluid appearance and the results of chemical and cytological analyses in a group of patients with recurrent symptomatic pleural effusions and a diagnosis of cancer. Methods: Medical records were reviewed from all 390 patients who were diagnosed with cancer, who underwent thoracentesis before placement of an intrapleural catheter (IPC) between April 2000 and January 2006. Adequate information for data analysis was available in 365 patients. The appearance of their pleural fluid was obtained from procedure notes dictated by the pulmonologists who had performed the thoracenteses. The patients were separated into 2 groups based on fluid appearance: non-bloody and bloody. Group differences in cytology interpretation were compared by using the chi square test. Cellular counts, chemical laboratory results, and survival after index procedure were compared by using the student's t test. Results: Pleural fluid cytology was positive on 82.5% of the non-bloody effusions and on 82.4% of the bloody ones. The number of red blood cells (220.5 × 10
Background
Pleural effusions are a common problem in cancer patients. In a postmortem series published by RodriguezPanadero and colleagues [1] , there was evidence of malignant pleural involvement in 28% of patients with one or more malignant tumors, of whom approximately onehalf presented with a pleural effusion. The incidence of malignant pleural effusions in the United States approaches 150,000 cases annually [2] .
For patients presenting with clinical signs of a pleural effusion, the primary diagnostic tools include roentgenographic studies of the chest and a thoracentesis. Initial information about the pleural effusion comes from the color and appearance of the fluid obtained during thoracentesis. Additional information concerning the inflammatory characteristics of the fluid is obtained later, using indicators such as white and red blood cell counts, and chemical laboratory values including glucose, protein, LDH, amylase, and cholesterol [3] [4] [5] .
A small number of previous publications have attempted to find an association between pleural fluid appearance and cytological diagnosis in patients presenting with a pleural effusion. Two studies on patients without a prior diagnosis of cancer reported an association between bloody effusions and the presence of malignant cells on pleural fluid cytology [6, 7] . In a study of patients with parapneumonic or infection-related effusions, a fluid that was free-flowing and non-purulent indicated an infection that could be treated with antibiotics alone, whereas a fluid with a purulent appearance indicted the need for drainage of the affected pleural cavity [8] .
To our knowledge, there are no publications in the medical literature evaluating the relationship between fluid appearance and the results of cytological evaluation and chemical laboratory testing of pleural effusions in patients with cancer. We therefore conducted a retrospective study in a population of cancer patients with a high pretest probability of having a malignant pleural effusion (MPE) to answer two questions: Is there any relationship between pleural fluid appearance and the presence of malignant cells on pleural fluid cytology? Does fluid appearance correlate with cellular counts or chemical laboratory measurements in pleural effusions?
Methods

Data extraction
This was a cross-sectional study in a group of patients with symptomatic pleural effusion and a previous diagnosis of cancer, who had a thoracentesis prior to placement of an indwelling pleural catheter (IPC). The protocol and a waiver of informed consent were approved by the University of Texas M. D. Anderson Cancer Center Institutional Review Board.
Between April 2000 and January 2006, 390 patients received a thoracentesis as part of their evaluation prior to IPC insertion. Of this group, 365 patients had a complete description of the procedure in their medical records, including appearance of the fluid, as well as results of cytology, cell counts, and chemical laboratory analysis.
Medical records were reviewed to collect data on age, gender, type of primary malignancy, number of previous thoracentesis procedures, and results of the index procedure. The index procedure was defined as the thoracentesis performed immediately before insertion of the IPC. Pleural fluid chemical laboratory reports were reviewed to retrieve levels of glucose, total protein, LDH, cholesterol, and triglycerides. Cytology results, white blood cell count with differential, red blood cell count, and survival after the index procedure were also recorded. Information on pleural fluid appearance was extracted from procedure notes available in the electronic medical record, dictated by the pulmonary faculty who had performed the thoracentesis. We separated patients into two groups based on fluid appearance: bloody and non-bloody. No purulent effusions were observed in our group.
Analysis
Age, cell counts, and the results of chemical laboratory analysis of pleural fluids are presented as mean values with standard deviations and 95% confidence intervals (95% CI) of the mean. Gender, type of primary malignancy, fluid appearance, and cytology results are presented as frequencies and proportions. Differences in pleural fluid cell counts, chemical laboratory parameters, survival after index procedure, and cytology interpretation were compared between fluid appearance groups. Group differences for cytology interpretation were compared using the chi square test. Group differences in cellular counts, chemical laboratory results, and survival after index procedure were compared using student's t test and 95% CI of the mean.
Results
Demographics, type of primary malignancy, and pleural fluid appearance are shown in Table 1 . Almost half of the patients had lung cancer as a primary malignancy, followed by breast cancer (21%) and gastrointestinal cancer (6%). Effusions were described as non-bloody in 206 patients (56.4%) and bloody in 159 patients (43.6%). Cytology was positive in 82.5% of the patients. Red blood cell count and LDH were the only values significantly higher in bloody effusions (Table 2) . There was no significant association between cytology results and pleural fluid appearance at any primary tumor type (Table 3) .
Discussion
Pleural fluid cytology was positive on 82.5% of the nonbloody effusions and on 82.4% of the bloody ones. The number of red blood cells (220.5 × 10 3 /μL vs. 12.3 × 10 3 /μL) and LDH values (1914 IU/dl vs. 863 IU/dl) were statistically higher in bloody pleural effusions. The presence or absence of blood in pleural effusions cannot predict their etiology in patients with cancer and recurrent symptomatic pleural effusions.
Our study was subject to the limitations of any retrospective study. However, the potential effect of any information bias is minimal, as we used pathologic and laboratory data that were not influenced by the clinician or the personnel conducting the research. Of more concern is the external validity of our data. Our results are applicable only to patients with known primary extrapleural malignancies presenting with a recurrent symptomatic pleural effusion, not to the general patient population with a lower pretest probability of having a MPE. In addition, our patient sample did not include any findings of "purulent" fluids, so our conclusions do not encompass this possibility. It would be extremely useful if an easily assessed parameter like pleural fluid appearance could be prospectively used to identify patients with positive cytology or to estimate the inflammatory or tumor burden on the pleural space in patients with a previous diagnosis of cancer. It would potentially reduce the number of interventions performed in patients with MPE prior to definitive therapy. Timely identification of the inflammatory pleural response would also be of great interest, as some authors have hypothesized that the results of chemical pleurodesis could be predicted using cellular and chemical characteristics of the pleural fluid [9, 10] .
Several published studies using patients presenting with pleural effusions without a prior history of cancer have found a correlation between bloody pleural effusion and malignancy. In a series of 163 patients with large or massive pleural effusions, Porcel and Vives [11] reported significantly higher RBC counts in patients with MPEs compared with patients with nonmalignant effusions (median value 18 × 10 9 cells/L versus 2.7 and 10 9 cells/L, respectively; p < 0.001).
In another prospective study of 334 consecutive patients with chronic pleural effusion reported by Martensson and colleagues, 86% of the 44 bloody fluids and 57% of the 65 blood-tinged fluids were cancerous on cytology or biopsy (p < 0.01) [6] . Villena and coworkers found that the presence of a bloody fluid slightly increased the probability of a malignant pleural effusion (Odds Ratio = 1.73). In her series of 715 patients, 47% of the bloody effusions were MPE. The authors concluded that fluid appearance should not be overemphasized as a diagnostic tool [7] . However, our study does not support an extrapolation of these reports to patients with a known history of cancer. In this study, we found no association between pleural fluid appearance and chemical laboratory analysis, cell counts (except for LDH and RBC), or presence of malignant cells on cytology in patients with a previous diagnosis of cancer and a high pretest probability of having MPE.
In our results, although 82.5% of bloody fluids showed a positive cytology, this percentage was not significantly different than that observed in the non-bloody fluids (82.4%). However, our population comprised patients with a prior diagnosis of cancer and a higher pretest probability of having an MPE. So, while bloody pleural effusions may be suggestive of positive cytology in a general population of patients presenting with pleural effusions, it does not appear to be useful in this regard in cancer patients.
Conclusions
In summary, we found no relation between pleural fluid appearance, chemical laboratory parameters, cytological results, or survival in patients with cancer presenting with recurrent symptomatic pleural effusion. Therefore, pleural fluid appearance should not be used as an indicator of MPE in this patient group.
Further studies that include measurements of more specific inflammatory biomarkers are required to determine if pleural fluid appearance can predict the degree of intrapleural inflammatory response as it could be one of the factors related with pleurodesis success [12, 13] .
